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INTRODUCTION
Dilated cardiomyopathy (DC) is one of the more serious diseases, of higher morbidity and worst prognosis in public health, becoming the leading cause of death in the adult population, both in first world countries as well as Brazil [1] . Although this is a syndrome with many etiologies recognized, among which the predominant is the ischemic disease, there is also DC by tachymiopaties, storage and/ or metabolic disorders, viral and postpartum, including many idiopathic cases. Under evolution, the left ventricular volume, the parietal tension and energy expenditure of this chamber increases. It is unleashed a positive feedback mechanism that determines the progressive cardiac remodeling, with marked cardiomegaly, spherical deformation of the left ventricle (LV) and stretch of the cords of the mitral valve (MV), whose annulus, almost always, is also dilated. The progression of these mechanisms generates a frequent late complication of DC, the functional mitral insufficiency (FMI) or secondary, as defined due to lack of intrinsic degeneration of the leaflets or the subvalvular structure [2, 3] .
The volume overload of the LV determined by the FMI is considered critical in the pathogenesis of subsequent ventricular dysfunction. It worsens, dramatically, the functional level and has a great negative impact on survival of patients with DC, leading to raise of mortality rate to about 70% in the first 12 months consecutive to detection of FMI, regardless of its seriousness at the moment of clinical detection [4, 5] .
Although heart transplantation is the gold standard of treatment, most patients are excluded from such treatment, the older ones, with comorbidities or socioeconomic limitations unavoidable. The controversies that accompany the currently available surgical alternative to correct the FMI and attempt to reconstruct the ovoid shape of the LV in the same surgery, led to the study presented herein. The anatomy of the MV and pathophysiology of FMI, as well as surgical options introduced over the years to repair the FMI, in DC, will be reviewed, focusing on the contribution of national authors.
ANATOMY AND PHYSIOLOGY OF THE MITRAL VALVE
The mitral valve apparatus consists of six elements, i. e., the valve leaflets, its implantation annulus, the chordae tendinae, the papillary muscles and surrounding LV wall. The wall of the left atrium (LA) is now also included in the mitral apparatus, because its rapid relaxation increases the ventricular atrial pressure gradient, before the initiation of ventricular systole, contributing in this manner for the immediate closure of the MV. Furthermore, the dilation of intraventricular pressure. With this increase, the surfaces of the leaflets overlap slightly below or at the level of the atrioventricular junction, sealing it, while the more central portions of the leaflets are rounded, slightly to the interior of the LA.
The worsening of the DC is accompanied by spherical deformation of the left ventricle with consequent deleterious effect, represented by the withdrawal of the papillary muscles to each other and in relation to the long axis of the pre-existing ellipsoid ventricular, so that its base of implantation approaches the level of the MV. In an analogy, one should remember how the walls of the balloon, when filled, they approach the mouth that breathes it. This biomechanical deformation makes the force resultant of papillary traction may be applied to MV more tangentially, widening the stretch of cords, especially the most central ones. Consequently, the closure of the MV, the excursion of the leaflets and, in particular, the medial portion of them, is constrained in its insertion impaired, with reduced coaptation surface and facilitating the emergence of FMI [17, 18] .
For these reasons, the greater the papillary displacement, the greater the closure plan of the MV sinks in relation to the annular plan. The average distance between these two plans, described as the coaptation depth of MV is usually 4.1 ± 1.6 mm in normal individuals, and as we will see in this study, its very sharp increase represents a marker for poor outcome in mitral valve [19, 20] .
The LV dilation almost always stretches the mitral annulus, but contrary to expectations, the degree of dilation of the LV and annulus may worsen somewhat independently from one another [13] . In dilated annulus, the physiological systolic annular contraction is compromised and added to the restriction on systolic excursion of the leaflets, culminates in FMI. Faced with the interaction of the pathophysiological mechanisms described, it is understandable why the FMI, in general, is expressed by a single jet, central, in echocardiography, particularly in idiopathic DC [19] .
SURGICAL TREATMENT OF DILATED CARDIOMYOPATHY
In 1984, the group of Harvard University was the precursor of mitral valve surgery as an adjunct to clinical therapy of FMI, in DC, based on the assumption that the correction of the FMI would determine mandatory increase in systolic volume, because it would be returning only anterograde, regardless of left ventricular ejection fraction. As a result, the heart minute volume would increase and LV volume overload would be reduced, with consequent decrease in end-diastolic pressure of this chamber [21] .
However, Bolling et al. [22] , from the University of Michigan, had the merit of proposing the undersizing of the mitral annulus in plastic repair of FMI, because they believed that with the implantation of a prosthetic mitral ring smaller than usual, the authors would obtain, in addition to the correction of FMI, the additive effect, very desirable, of reshaping negatively the portion of the LV adjacent to the mitral annulus in order to optimize the reduction of end diastolic volume and facilitate the return of ventricular ellipsoid conformation. [24] also have subsequently obtained similar results, it is important to remember that this surgical approach was at first considered a very daring, because at the time, mitral valve replacement in patients with primary severe MI, with 30% or less of LV ejection fraction, was considered high risk, since they feared the poor tolerance of the left ventricle to adapt to the sudden increase in afterload resulting from the elimination of the regurgitation fraction into the chamber of low impedance, i.e., the LA. This concept began to be debunked in 1987 by Corin et al. [25] and, currently, is completely redesigned. It is known that in the decompensated chronic MI, the afterload of the LV actually increases when the reduction of the impedance determined by the regurgitation fraction is supplanted by increase of the ventricular parietal tension, as teaches the Laplace'law (ó= p x r/2h, where ó is the parietal tension and, p, r and h, represent respectively, the pressure, the radius of curvature and thickness of the LV). Indeed, when analyzing the morphofunctional repercussion of severe FMI it seems that LV dilation is capable of generating the highest ratio between the radius of curvature and thickness of the LV, as well as the lower mass-volume of the ventricular chamber, among all other possible injuries of the four heart valves [26] .
Although the emergence of FMI in the advanced stages of dilated cardiomyopathy of either ischemic or idiopathic origin worses the prognosis, it remains controversial the interpretation of this fact. It is logical to conceive that the additional LV overload aggravates a condition by itself that is already quite adverse. With this reasoning, the FMI can be considered a therapeutic target, even if its resolution determines only a symptomatic improvement, time-limited and not associated with major impact on survival [27] . The perception that in patients undergoing partial ventriculectomy (Batista operation), the functional improvement seemed more evident in patients in which the mitral regurgitation was corrected simultaneously reinforces this concept [26] .
However, there is a chance that the MI can only represent a mere indicator of worsening of ventricular myocardial function, but this a major determinant of clinical worsening. In this dilemma is the crux of the decision to recommend surgical treatment of the FMI, as if it represents nothing but the final denouement of the dysfunction and progressive ventricular dilation, the correction of functional MI may have little impact on the natural evolution of the DC and submit the patient to an unnecessary additional risk [26] .
Moreover, thanks to new knowledge about the mechanics of mitral regurgitation, evolution in the design and manufacture of valve prostheses, improvement of surgical techniques and innovations in the postoperative treatment, the mortality rate in surgical mitral valve repair or replacement in FMI declined, sharply, to less than two digits [20.28] . However, if the right ventricular function is also severely lowered, the average pressure of the pulmonary artery is greater than 40 mmHg and there is concomitant renal and hepatic insufficiency, it is prudent to contraindicate the procedure, since in these patients the results have been poor [19] .
Respecting the selection of cases in a less critical situation than those admitted at the ICU in critical condition, several series have shown, in addition to low postoperative mortality, improvement of symptoms, accompanied by reduced volume and increased left ventricular ejection fraction. Unfortunately, although the mid-term results also seem favorable in terms of survival, the same group that reported the operation in 1998, reported in 2005, a retrospective analysis of all 126 patients who underwent mitral annuloplasty between 1995 and 2002, and found no increase in survival when compared to a similar group who refused the operation and continued under clinical treatment [29] .
However, the clear clinical benefit due to the elimination of mitral regurgitation and the low mortality rate reported by the best centers continue providing strong enthusiasm to groups involved in the surgical treatment of the FMI in the DC. Coating devices and ventricular support [28] seem to optimize the surgical procedure, but still require long-term studies and are not available for use in larger scale yet.
Furthermore, industry interest in the field of FMI has led to the development and clinical testing of some percutaneous procedures in order to duplicate the results of surgery, a priori, in a less invasive manner [30] . Based on the favorable evidences with respect to symptomatic palliative care, but considering the lack of long-term prospective, multicenter, randomized studies, McCarthy [31] introduced the topic in a pre-meeting of the AATS in April 2009. The author concluded that, at the time, surgical correction of the FMI can be indicated, but still can not be recommended for inclusion in the compulsory treatment of DC associated to FMI.
One should consider that this field should still present a significant evolution, to the extent that promising technical innovations in the surgical treatment of the FMI continue to be introduced [32, 33] . If mortality remains significant in the waiting lines for heart transplantation, it may be that the surgical treatment of the FMI will constitute a bridge to transplantation in refractory DC. One should also remember that in some cases, more rarely, the DC may be reversed and in such cases the correction of FMI may be used as a bridge to healing [32] . In addition, there are surgical alternatives such as cardiomyoplasty [34] , myocardial revascularization in ischemic DC [19] , partial left ventriculectomy (Batista operation) [35] , Cox procedure [36] , ventricular resynchronization [37] , implantation of a cardioverter-defibrillator [38] , and even artificial ventricles [39] , whose aggregation concomitant or a posteriori of surgical correction of the FMI can improve the long-term survival.
THE IMPORTANCE OF PRESERVATION OF THE SUBVALVULAR APPARATUS IN CORRECTION OF FUNCTIONAL MITRAL INSUFFICIENCY
In 1956, Rushmer et al. [40, 41] found that at the beginning of ventricular systole, the contraction of the papillary muscles promotes both the shortening of the long axis as increasing the diameter of the basal portion of the LV, and found that this pre-ejective deformation increases parietal tension in order to increase contractile efficiency and promote the subsequent systolic ejection. The next decade, Lillehei et al. [42.43] has shown very significant reduction in operative mortality from 37% to 14% when the authors started to preserve the leaflets and/or subvalvular apparatus, fully or partially.
However, the fear that the maintenance of the subvalvular apparatus might interfere with the function of sinthetic valve prostheses available at the time, or that the technique might involve the implantation of prosthesis with size less than the ideal, the change proposed by Lillehei won little acceptance.
It was up to Miller et al. [44] , in 1979, to renew the interest in the preservation of the subvalvular apparatus in valve replacement of MI, when they emphasized the great benefit of removing the risk of ventricular rupture. This surgical procedure was also embraced and emphasized by David et al. [45] [46] [47] [48] [49] , in Canada, and Hetzer et al. [50] , in Germany, in successive publications that showed improvement in both survival and postoperative function of the LV. However, even subsequent demonstrations of favorable effect on long-term survival [51.52] made this technical resource have been systematically adopted as the standard of surgical practice [53] .
In a recent meta-analysis, Athanasiou et al. [53] reviewed the experience of 17 groups, with the preservation of the subvalvular apparatus in mitral valve replacement in different clinical conditions, both from a functional or etiological standpoint. They suggested that the concept is important and should be considered because the evidence that both early and long-term results may improve when the ventricularmitral continuity is preserved. The authors emphasized, however, that the operative decision should be individualized, based on the valve anatomy, etiopathogeny and left ventricular function, and they recommended that the surgeon is acquainted with more than one surgical technique to preserve the subvalvular apparatus. This observation is important for the surgeon to choose the technique that best fits the anatomical and functional conditions found. Intraoperative echocardiography support is important for monitoring the postoperative course, and to promptly detect any complications relevant to the technique used.
A closer analysis at the results contained in this review also shows that as much as the early mortality and that found at five years of evolution, the comparison between the preservation of the subvalvular apparatus versus its resection was not statistically significant in most studies, raising, in our opinion, that maintenance of the controversy, although with a tendency to favor the preservation of the subvalvular apparatus.
It is also important to notice that despite the positive evidence, many groups remain reluctant to employ the techniques of preservation due to fear of possible complications even fatal. Among these are included the possibility of obstruction of LV outflow tract, prosthetic dysfunction imposed by the permanence of the subvalvular apparatus, undesirable deformations of ventricular geometry, papillary muscle rupture and postoperative embolism. In addition, there is dehiscence in the attachment of preserved leaflets, sutured to the fixing ring and/or the valve annulus, and poor coaptation of the prosthesis in the anatomic ring, resulting in paravalvular leak and need for reoperation [54] [55] [56] [57] [58] [59] [60] [61] .
Another word of caution is implicit by the existence of many different techniques of preservation of parts or all of the valve apparatus, which means that neither is ideal, and perhaps, appropriate for all cases. Therefore, in 1982, one of the authors (PRBE) and associates, even without taking into account the possibility of valve replacement in the context of DC, tested five techniques to preserve the mitral subvalvular apparatus in 23 patients with rheumatic mitral valve disease -in some, calcified -who had undergone valve replacement: a) attachment of the top of the papillary muscles in the posterior ring in thirteen patients (Figure 1) , b) attachment of the papillary muscles and tendinae chordae to the posterior annulus in four patients (Figure 2 ), c) partial excision of the anterior leaflet with attachment of its set of cords and preservation of the tendinae chordae of posterior leaflet in four patients ( Figure  3) , and 4) preservation of the entire mitral subvalvular apparatus in two patients (Figure 4) . One should add to these four variants that from David et al. of partial excision of the anterior leaflet and plication of the posterior one ( Figure 5 ) [62] .
In Brazil, it is important to emphasize the studies by Gomes et al. [63] and Benfatti et al. [64] about the benefits of MV replacement using the technique of cross papiloplexia in patients with heart failure and moderate/ severe MI ( Figure 6 ). In these studies, the group found that this technique was able to promote a significant left ventricular functional improvement as well as favorable ventricular and atrial remodeling. Some surgeons use to preserve the continuity of the valve annulus to the LV wall, according to the valve deformity, or calcification, the subvalvular apparatus of only one of the leaflets. This approach is a matter of caution. The function of the papillary muscles and the cords, was eloquently compared to a pair of gymnasts on parallel bars (Figure 7) . When the gymnasts (cords) moving toward the parallel bars (mitral annulus), bring the soil (LV wall) with them and thereby avoid excessive hiperdistention of the LV cavity. When one of the cords is cut, only one gymnast works, and the unsupported LV portion thins and dilates. When both the anterior and posterior cords are sectioned, the gymnasts do not have the arm to rise and, in this situation the heart loses its spherical shape, the walls are thinning and dilation throughout the heart cavity occurs [65, 66] .
complications of mitral valve replacement is almost eliminated by this tactic [65] . One should be noted, even the attractive option to preserve the MV completely, thanks to the endovascular implant of the prosthesis. [67.68] .
Although in the mitral valve replacement in primary MI is recommended not to impose excessive tension to the subvalvular apparatus, in order to avoid the complications mentioned above, more recently, contrary recommendations have been raised. An example is pulling the cords or the top of the papillary muscles in order to anchor them in the anatomical ring, along the ipsilateral commissures, in order to get the mechanical benefit of internal reconfiguration, immediate, of ventricular ovoid. Although this conceptual change is attractive, we can criticize the possible adverse effect, hypothetical, to determine the undesirable restriction to ventricular diastolic filling. The technique has increased the life expectancy of the DC with FMI at the end of five years to about 60%, which superimposes the results of heart transplantation, although survival have been hampered by mortality hospital of 16.1%, due to the research have included cases in very poor clinical condition. Further, related techniques will be highlighted, also introduced in the country [32] .
VALVE REPLACEMENT OR PLASTY IN DILATED CARDIOMYOPATHY?
First we must consider that, as patients with DC remain so after the surgery, the purpose of surgical correction of the FMI is to reduce symptoms and prolong life expectancy [19] . Another important aspect is the assessment of the need to associate the tricuspid valve surgery to the surgical procedure, as there are groups [69] preconizing double annuloplasty, mitral and tricuspid, in the first decompensation of DC, but the vast majority of surgeons still believes that the surgical repair of FMI should be reserved for patients with severe FMI, in the final stages of DC [70] .
Despite the results of valve repair and replacement can be superimposed [71] , for most, mitral annuloplasty is a surgical procedure of choice [26, [72] [73] [74] [75] [76] [77] , while others, like Calafiore et al. [19] , are eclectic as the surgical option, arguing, however, that the valve replacement is necessary when the distance between the left atrioventricular junction and the top of the valve coaptation zone, measured by echocardiography and called coaptation depth of mitral valve, is greater than 11 mm, because as a rule, there was recurrence of the FMI in this subgroup of patients who underwent surgery by their team. De Bonis et al. [78] , suggest that when it is added the statement by Alfieri in respect to annuloplasty, one should obtain favorable results even in these cases.
One should also consider that in the DC with FMI, the One should add that, even among the major supporters of complete or partial preservation of the mitral apparatus, some authors do not recommend, in unfavorable cases, characterized by intense scar fibrotic subvalvular process, accompanied or not by gross calcification of the valve annulus, as often occurs in rheumatic mitral stenosis [53] . In spite of these observations and, particularly in the DC, it is important to use the techniques of preservation of valve apparatus, because in addition to conformational and hemodynamic advantages, the risk of rupture of the postero-basal LV wall, one of the most catastrophic tolerance for failure in the valve repair is very small, because of clinical comorbidities that usually accompany the severe depletion of cardiovascular function and age, the latter often more advanced [22, 26] . For this reason, many surgeons fear the implementation of plasties of timeconsuming type, involving greater technical complexity, as well as others fear the potential interference with the movements of occlusion and opening of synthetic prostheses, while preserving the subvalvular structure. Another aspect worthy of criticism is about the proposal of undersizing the diameter of the prosthesis, and the possibility of creating obstruction in the LV inlet, when prostheses with effective useful orifice smaller than sinthetic prostheses of the same diameter. Dancini et al. [79] , at Incor-HCFMUSP developed a prospective study of 28 patients divided into three groups, as the surgical technique in the correction of chronic MI. Although the sample was small, the authors could show that valvuloplasty offers greater benefit than valve replacement, whether it preserves both leaflets or only the posterior leaflet.
On the other hand, if the echocardiographic and intraoperative analyses show that the FMI can be resolved with a plasty of relatively simple fulfillment, fast and reliable, this option should be valued, but if the surgeon anticipates that the repair will be difficult, with greater chance of poor outcome, which is more common in cases where the annular dilatation is not significant, the decision of valve replacement is certainly the best. In the initial experience of the Cleveland Clinic, with 44 patients, the preferential option for the repair had to be reversed for valve replacement, due to technical reasons in 20% of them [80] .
Other important information comes from the multicenter prospective randomized ACORN study, which included patients with DC and FMI in functional classes III and IV according NYHA, with an ejection fraction less than 35%. Most (84.2%, n=155) of patients underwent annuloplasty and 25.8% of them (n=29) the valve replacement, with preservation of subvalvular apparatus in most of them. There was improvement in functional class of 3.9 ± 0.3 to 2.0 ± 0.6 and quality of life at 3, 6, 12 and 18 months of postoperative, assessed by specific questionnaires or stress test. The option for valve replacement was up to the surgeon and has been applied most often when it was found that the repair could result unsatisfactorilly [28] .
In turn, it is appropriate in many situations, the argument from Buffolo et al. [81] , that the drawback of the implantation of a valvular bioprosthesis in DC is irrelevant, since the life expectancy of patients should be lower than that of valve replacement, which decay, almost always, could only express themselves clinically after 7 -8 years of implantation. One should add that the implantation is safe, fast and reliable for those patients, because in addition to potentially eliminate the risk of recurrence of the FMI, it may also promote reverse remodeling of the heart base when it is chosen valve replacements one or two numbers less than the anatomical ring [81.82] .
As noted above, at the same time one can reshape the ventricular ellipsoid through the application of traction and/ or reconfiguration of the papillary muscles. However, recalling the saying of Voltaire that sometimes the great is enemy of the good, the surgeon should always take precedence, first, for the safety of valve replacement in order to not incur complications such as leak, demanding reoperation. This recommendation is relevant in clinical cases of highest risk and facing surgical conditions and/or adverse valvular disease, most often characterized by gross annular calcification.
EFFECTS OF PRESERVATION OF THE MITRAL SUBVALVULAR APPARATUS IN RIGHT VENTRICULAR (RV) FUNCTION
It is expected that the improvement of left ventricular function should automatically lead to improvement in RV function. Facing this expectation, a Swedish study showed statistically significant improvement in right ventricular function after preservation of the LV chords. This improvement in RV function has been clearly documented by studies with radioisotopes and is an important area of future investigation in patients with severe pulmonary arterial hypertension, who can be carriers of RV dysfunction prior to surgery and who can benefit from the preservation of LV chords [83] .
BRAZILIAN CONTRIBUTION IN THE CORRECTION OF THE FUNCTIONAL MITRAL INSUFFICIENCY IN DILATED CARDIOMYOPATHY
The group at the Federal University of São Paulo, headed by Prof. Enio, Buffolo, was pioneer in the country when introduced, promoted and encouraged the correction of the FMI due to DC.
The experience of the group began in 1995, reached until 2005, 116 patients undergone valve replacement, almost all by bioprosthesis. After a mean time of follow-up of 38 ± 16 months, the mortality hospital rate was 16.3% (19/116), followed by the actuarial survival curve with a slight decrement, reaching satisfactory late mortality rate, comparable to that of heart transplants. Furthermore, there was significant improvement both clinical and echocardiographic, particularly in terms of reduction of LV sphericity. They concluded that, despite the high mortality rate, the technique is a feasible alternative in the treatment of terminal DC associated with FMI. In 2006, the experience was reported abroad, by Buffolo et al. [32] , and in Brazil by Breda et al. [84] . It is worth adding that, especially at the beginning of the experiment severe cases were included, some of them, admitted to ICU and under use of endovenous inotropic agents, which contributed to the overall mortality rate, higher than that resulting from more selective studies on the selection criteria. Furthermore, the authors had the merit of associating the mitral valve to an innovative idea, represented, as already described, by the search for LV ellipsoid reconformation.
At InCor-HCFMUSP, also in order to obtain the immediate reversal of ventricular remodeling, Puig et al. [85] proposed in 2002, the replacement of MV with the traction of the tendinae cordae, fixed on the upper surface of the prosthetic ring. In mid-to long-term follow-up [86] , the results were favorable in terms of symptoms. There was also a reduction of left ventricular systolic and diastolic end volumes until the 3rd month of postoperative, with stabilization of the process of cardiac remodeling so on.
It is also important to highlight the original idea of Gomes et al. [63] , in Belo Horizonte, of association of crossed papillopexy to valve replacement in patients with DC and FMI, and have been useful in reversing at least partially, the dilation of the left atrium and ventricle, with significant functional recovery of the latter [64] .
Besides the aforementioned, it is worth noting the morphological study of Hueb et al. [13] in 2001, which changed the paradigm that the mitral annular dilatation spared the implantation of the anterior leaflet. The authors demonstrated that this portion of the mitral annulus is also dilated, although to a lesser degree. This information has direct effect on the selection of surgical approach in mitral annuloplasty in MI [87] .
CONCLUSION
The DC is a chronic, progressive disease, focused on cardiac remodeling, with LV and mitral annulus dilation, which may trigger a vicious cycle of extreme gravity when it generates FMI. Many authors have shown that the current mortality rate in the correction of the FMI in the DC is low and that the surgical procedure can improve symptoms and reduce the number of readmissions due to decompensation of the DC, thereby improving the quality of life. However, the benefit in the long-term survival still needs to be demonstrated, apparently, because the correction of the FMI does not alter the progression of underlying myocardial dysfunction.
